We put forward a classical electrodynamic theory that describes resonant -i.e. non-radiativetransfer of field helicity (RHELT) between a donor and an acceptor, both being chiral. We introduce additional orientational factors that control this process. Also, we establish a RHELT radius, as the distance at which the transfer rate from donor to acceptor equals that in absence of the latter. The detection of RHELT adds a wealth of information contained in the helicity of the transferred fields, never used until now. We also address particles and/or molecules with magnetoelectric induced dipoles, which enriches the number of variables, and thus the landscape, involved in this phenomenon, certainly larger than in standard FRET. In this way, chiral interacting objects convey terms in the equations of transfer rate of helicity and energy, that are discriminatory, so that one can extract information on their structural chirality handedness. Hence not only the rate of electromagnetic helicity transfer, but also that of energy transfer (RET), may be negative, which for the latter means a donor emitting more energy in pressence of acceptor than when it is isolated. Most importantly, both the RHELT rate and radius are very sensitive to changes in the helicity, or state of polarization, of the illumination, as well as of the donor and acceptor induced electric and magnetic dipole moments. This characteristic is not shared by the RET radius.
INTRODUCTION
Electromagnetic wavefields with rotation of their polarization vectors and wavefronts [1] [2] [3] [4] are subjects of increasing interest for their larger number of degrees of freedom as communication channels [5] [6] [7] , and for providing new capibilities to probing and manipulating both chiral and achiral structures at the micro and nanoscale in light-matter interactions [8] [9] [10] [11] [12] [13] [14] [15] . In this latter respect, the interplay between the structural symmetry of the light probe and that of matter [16] [17] [18] [19] is of upmost importance, since the latter governs the metabolism of living organisms and is becoming of increasing relevance for nanophotonic devices. Nevertheless, our knowledge in this regard is yet incomplete; therefore new probe techniques for chiral nanostructures are still necessary.
Progress in characterizing light chirality and its interaction with matter, on the one hand, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , and on designing structured wavefields that enhance the usually weak interaction with chiral molecules and nanoparticles [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] , has advanced together with methods to increase the energy transfer between nanostructures [19, 46] , like e.g. Förster energy tranfer (FRET) between molecules and/or particles [48] [49] [50] . Although this latter phenomenon constitutes nowadays an established technique in nanoscience and biology [51, 52] , and it has a well developed theory [48, 53, 54] ; and in spite of theoretical studies on shifts and transfer of energy between two chiral molecules based on their dipole and quadrupole interactions [55] [56] [57] [58] , aparently and as far as we know, there are not yet techniques based on characterizing helicity states of the detected light in FRET. This involves field helic-ity transfer between particles and/or molecules, let them be chiral or achiral, since FRET is based on detecting only intensities emitted by the fluorophores, which can be hindered by limitations depending on the fluorophore nature and environment configuration, and specially by the low signal-to-noise ratio [59] .
In previous work [25] we established the law ruling the extinction of electromagnetic helicity of an illuminating wavefield on scattering and absorption by a wide sense [61, 65] (i.e. non-Rayleigh) dipolar bi-isotropic particle, chiral in particular. Also we put forward the helicity enhancement factor [26] when the particle is in an inhomogeneous environment. Such a quantity plays a role analogous to that of the Purcell factor for the energy. This extinction law encompasses a variety of new processes involving the helicity of electromagnetic fields which are emitted, absorbed and/or scattered in presence of other objects [26] [27] [28] .
Extending studies to circularly or elliptically polarized dipoles opens a new landscape on interactions both of light and matter, as well as between particles. This has applications in new nanophotonic systems and techniques. In particular, like electromagnetic theory formulates FRET as the extinction (most frequently, the absorption) by the acceptor A of the energy emitted by the donor D, one can ask on the existence of an analogous process between D and A for the wavefield helicity on illumination of D by twisted light, or when D, and/or A, is chiral. Addressing this question is the aim of this paper and, as matter of fact, we gave a hint (cf. Eq. (36) of [25] ) on employing our helicity extinction formulation in modelling its transfer between two nanoscale magne-toelectric bodies. The quantities involved in such a kind of phenomenon go beyond those of standard FRET. For example, we shall put forward the existence of several orientational factors, instead of just one, κ 2 , of standard FRET.
Therefore, in this work we develop that latter idea by establishing a classical electromagnetic theory of resonant helicity transfer, (which we shall abridge as RHELT), between two particles D and A, (by "particle" we shall mean either a quantum dot, a molecule, a synthesized material nanoparticle, or a hybrid between both), both being dipolar, chiral and located in the nearfield (i.e. non-radiative) region of each other. This brings additional information to estimate their relative distance and orientations, as well as to know donor and acceptor constitutive parameters, and their dipole helicity based on their polarization; thus making it possible to characterize them according to their effects on the electromagnetic helicity, both trasferred to each other, as well as emitted by the acceptor, (in this connection see e.g. [25, 35] ). Besides, this configuration adapts to illumination and/or emission of twisting light, like in circularly polarized luminescence [50, 51, 66] . In parallel to RHELT, we will also study the resonant transfer of energy (RET) for generally chiral donors and/or acceptors. We shall address time-harmonic fields at optical frequencies; except when we consider the emission and absorption of donors and acceptors over a range of frequencies, case in which the polarizabilities are given by their effective values, expressed as overlapping integrals of their respective emission and absorption -or extinction -spectra.
Moreover, due to our lack of knowledge of enough data on energy and helicity transfer between chiral particles, and on values of their polarizabilities, and given the progress in the last years in devising and building nanoparticles with a large magnetic response to the field of light [60] [61] [62] [63] [64] , (which leads to a rich variety of phenomena due to the interplay between the particle induced electric and magnetic dipoles), we may envisage a near future of both theretical and experimental research leading to techniques with magnetoelectric conjugates of molecules and nanoparticles, (or even of bulky magnetoelectric molecules). Therefore, we shall address large magnetoelectric chiral particles with a diameter of a few tens of nm, (see e.g. [67] [68] [69] [70] ), whether they actually are molecules, dielectric or metallic nanoparticles, or conjugates of both of them; and hence possessing a large magnetic polarizability, besides the electric one. In this way, the interaction distance that our theory yields with these larger particles may get values considerably greater than the typical 5 − 10nm FRET Förster radii.
Our results will be therefore qualitative as we shall not address specific material parameters beyond certain models of emission and absorption distributions. We assume the donor and /or the acceptor having magnetic and cross electric-magnetic polarizabilities comparable to the electric one. For both RHELT and RET we obtain transfer rates that include, besides the electric polarizability term like in FRET, additional contributions of both the cross electric-magnetic and the magnetic polarizabilities of the donor and acceptor and that, therefore, depend on their handedness. However, while the chirality of the donor is implicitely contained in its electric and magnetic dipole moments which are included in several terms of the transfer rate equations, the chirality of the acceptor appears explicitely and separately in terms that contain its cross electric-magnetic polarizability, both in the RET and RHELT transfer rates, and that, as such, are discriminatory, and thus uniquely characterize the handedness of A.
Our electromagnetic theory is thus different from the quantum-mechanical one previously established for transfer and shifts of energy between molecules [55] [56] [57] [58] , as we deal not only with absorption, but also with electromagnetic scattering. Therefore the extinction (rather than just the absorption) of energy and helicity; namely those absorbed plus scattered quantities [17, 25, 26] , are addressed in this work. The r −6 interdistance dependence is recovered for RET, as well as for RHELT, as a consequence of D and A being assumed dipoles in the near-field of each other.
Also, while in standard FRET, the axcitation of A by D conveys a decrease in the energy emitted by D, there being an increase in the energy emitted by A, we shall see that for a chiral A, (and sometimes for a chiral D), the energy transfer rate may be negative, which will indicate that the donor emission is enhanced, rather than inhibited, in presence of the acceptor; while of course the helicity transfer rate can be either positive or negative. However, a negative helicity rate does not necessarily mean an enhancement of helicity extinction in the donor due to the presence of the acceptor, since the extinction of helicity, at difference with that of energy, is known to have either negative or positive values.
In the following sections we develop the details of these effects.
DIPOLAR EXCITATION OF HELICITY AND ENERGY
In standard FRET, a molecule D excited on illumination emits falling to its ground state, and part of this emiited light is absorbed by a molecule A which is in the near-field zone of D. This process requires that the emission spectrum of D and the absorption spectrum of A have a certain overlap [48, 53, 54] , so that such a resonant (i.e. non-radiative) transfer of energy from D to A may take place.
As stated in the introduction, we assume A and D being "particles" in general, by which we mean either quan-tum dots, synthesized material nanoparticles, molecules, or conjugates of both of them. We address the spatial parts E(r) and B(r) of the electric and magnetic vectors of time-harmonic electromagnetic fields in their complex representation. Their interaction in a medium of refractive index n = √ µ with a magnetoelectric, bi-isotropic and dipolar "particle", is given through its electric, magnetic, and cross-magnetoelectric polarizability tensors: α e , α m , α em and α me . k = nω/c = 2πn/λ. Hence, the electric and magnetic dipole moments, p and m, induced in the particle by this field are given by the constitutive relations:
In this work we shall consider the bi-isotropic particle being chiral reciprocal, so that α em = −α † me . The sign † standing for conjugate transpose. Using a Gaussian system of units, the time-averaged (written as < · >) electromagnetic helicity density of the wavefield:
is a conserved quantity fulfilling the continuity equation [21, 25] : ∇ · F = −P, where F is the helicity density flow which for these fields coincides with their spin angular momentum [21, 25] , and P denotes the conversion of helicity, i.e. its decrease or increase by absorption and/or scattering of the wavefield with the particle [25, 28, 35] . Henceforth, and stand for real and imaginary part, respectively; and * denotes complex conjugate. Most optical wavefields can be decomposed into the sum of a field E + (r) with all plane wave components being left circularly polarized (LCP), plus a field E − (r) whose components are right circularly polarized (RCP), so that the above helicity density may be expressed as [17, 26] : H (r) = ( /2k)[|E + (r)| 2 − |E − (r)| 2 ]; while its time-averged energy density reads: < w(r) >=
With reference to a Cartesian framework OXY Z, (cf. Fig. 1 ), our analysis is based on the extinction of electromagnetic helicity and energy by the electric and magnetic dipoles p A and m A of the acceptor particle A, placed at a point of position vector r A , on interaction with the field E D (r A ) B D (r A ) emitted by the electric and magnetic dipoles p D and m D , induced on illumination of the donor particle D by generally twisted light, propagating along a main direction defined by the s i vector, (see Fig.  1 ). In its most general form stemming from the optical theorem, this reads for the transfer of energy from D to A:
Whereas the extinction of electromagnetic helicity -or wavefield chirality [17, 20, 35] -in A of the emission from D is, according to the helicity optical theorem, (cf. Eq. (36) of [25] ): rs R , r = |r R |, |s R | = 1, r being the distance between the centers of D and A, (see Fig.1 ), we write the near-fields E D and B D emitted by D at the center of A at distance r from the center of D:
A weak coupling regime between D and A is assumed, so that there is no scattering feedback between them.
RHELT AND RET BETWEEN CHIRAL PARTICLES
We shall first consider the donor D and acceptor A generally bi-isotropic; subsequently we shall particularize them being chiral. We assume the electric and magnetic dipoles induced in A by the wavefields (3) emitted by D, (transition dipoles if A is a molecule), polarized in fixed directions given by the complex unit vectors s p A and s m A , thus presenting orientational photoselection with respect to the illuminating field from D [50, 51] :
Having used the notation of summing over all repeated indices. If also D were orientationally photoselective, we would consider its electric and magnetic dipoles, induced by an incident field E (i) , B (i) , also polarized in fixed directions given by the complex unit vectors s p D and s m D as:
In (4) and (5) Taking into account that according to the right side of (4) and (5) , p A , m A , p D and m D are complex scalars; and also that s p D , s m D , s p A and s m A are complex unit vectors, we obtain by introducing (4) and (5) into (3), (1) and (2), the extinction of helicity W DA H and energy W DA in A of the field emitted by D. Namely
And
Eq. (6) governs RHELT as the transfer of helicity from D to A on extinction in A of the wavefield helicity emitted by D. This equation constitutes a new law to be considered with Eq. (7) which accounts for resonance energy transfer (RET) between bi-isotropic particles. Both transfer laws have an r −6 dependence as a consequence of Eq. (3). In addition to this interaction distance r between D and A, the orientational K-factors of Eqs.(8)- (14) determine the transfer of field helicity and energy. The RHELT orientational factors read:
While those of RET are
The scalar product of a and b is: a·b = a i b i , (i = 1, 2, 3). If only the electric dipole of moment p A is excited in A, the transfer of energy, as well as K (1) , reduce to those well-known W DA , and orientation factor κ 2 , of standard FRET. Nevertheless, under that condition the transfer of helicity depends on [α A e ] and [α A e ], and requires the excitation of both an electric and a magnetic dipole in D, [cf. first term of (6)]. As seen, when both A and D are bi-isotropic, W DA H and W DA contain additional information via the magnetic and the cross-electric-magnetic polarizabilities of A, which appear linked with the factors |p D | 2 , |m D | 2 , p * D m D and p D m * D in a complementary way in (6) and (7) . Notice also that those terms with crosspolarizabilities of A are discriminatory according to the handedness of A; (in fact all terms of (6) and (7) are discriminatory with the handedness of D which influences the values of p D and m D ).
Next we address both A and D being chiral reciprocal [35, 71] , α A,D em = −α A,D me . Then Eqs. (6) and (7) become
Thus either the chirality of the acceptor A, or the excitation of both electric and magnetic dipoles in the donor D, gives rise to a transfer rate of field helicity between D and A, as shown by (16) . This new equation may be employed together with Eq.(17) of field energy transfer. Again, these expressions contain discriminatory terms which depend on α A me . On the other hand, Eq. (16) allows us to introduce the concept of a RHELT radius, as shown next, which differs from the standard Förster radius: 3 2 k 3 κ 2 {α A e } [53, 54] . Also we notice from (7) and (17) that while the chirality of D affects p D and m D , the chirality of A introduces a third term which, as we shall see, in some configurations might be larger than the sum of the first two, and then the energy transfer would be negative. I.e. the emission of energy from D in presence of A may be enhanced, rather than reduced as in standard FRET, on account of the chirality of A, which contributes to this effect through {α A me }, and the excitation of both p D and m D . The discriminatory third term of (7) and (17) makes the energy transfer to distinguish between an acceptor particle and its enantiomer since for a given factor [p * D m D K (3) ], the sign of {α A me } determines that of this third term of (17) . Hence a chiral acceptor might give rise to W DA < 0 while its enanatiomer, with opposite sign of {α A me }, would produce W DA > 0. This remarkable phenomenon, ruled out in FRET, and due to the interplay of these aforementioned three terms of W DA , requires thst D possesses both electric and magnetic induced dipoles, p D and m D . Also as regards the chiral acceptor A, the complex polarizability parts: [ 
RHELT AND RET RADII
Taking into account the right sides of the energy and helicity optical theorems (1) and (2) , the helicity W 0 H and energy W 0 of the wavefield emitted by D when it is isolated, namely in absence of A, are [25] :
Having written as in (5):
For the normalized transfer rates of helicity and energy we get
Where γ DA H and γ DA are the rate of helicity and energy transfer from donor to acceptor, respectively; while γ 0 H and γ 0 represent the helicity and energy decay rates from the donor when there is no acceptor.
From the above ratios we may introduce the RHELT and RET radii of interaction, R H and R E , respectively, between D and A:
Notice that in order to obtain a distance, in (20) we have written modulus of the transferred and emitted quantities that may be negative.
From Eqs. (16) , (17) and (20) we obtain R H and R E expressed as
These equations remark the importance of the orientational K-factors in assessing the directionality of the dipoles in D and A, as well as their interaction radii R H and R E , both in RHELT and RET. At difference with standard FRET, now the RHELT and RET transfers and radii are characterized by more contributing terms, yielding a richer variety of configurational degrees of freedom.
Notice that the radii expressed as in Eqs. (21) and (22) are functions of λ and, hence, their bandwidth is limited by that of the emission and absorption (or extinction) spectra of D and A, respectively. This makes such R H (λ) and R E (λ) to vary up to very small values near their band edges, as shown by the numerical results of following sections. Actually smaller than the sizes of D and A; which would be unphysical. Of course such small values cannot be the actual interaction radii that one would determine from experiments. Thus in some sense we can call them as pre-radii of FRHELT and FRET.
In fact, considering the range of wavelengths at which the donor and acceptor emits and absorbs, respectively, one should generalize, like in standard FRET, the imaginary part of the acceptor polarizabilities α A (ω)'s to effective values α A ef f expressed in terms of the overlapping integrals of the donor emission spectra f D e (λ), f D m (λ), and f CD me A (λ) and the acceptor cross-sections σ a e (λ), σ a m (λ), and σ CD me (λ), (cf. Eqs. (106) -(111) of Appendix B):
If scattering were strong in A, extinction rather than absorption should be considered in the acceptor particle. Since, however, our aim is to understand the laws of helicity and energy transfer in terms of the polarizabilities spectra, (which of course depend on the emission and extinction -or absorption -spectra of D and A), instead of determining through (23)-(25) just one number for the value of R E and R H corresponding to a concrete donor and acceptor with experimentally determined parameters, (which are scarce as far as we know), we will make use of (16), (17) , (21) and (22) 
. Nevertheless, first, a calibration test of our formulation is in order.
A CALIBRATION TEST OF RHELT AND RET FORMULATIONS
Let us begin with a test of our equations with a known configuration. This will serve us to calibrate the range of radii provided by Eqs. (21) and (22), as well as the sensitivity of RHELT to chirality of D and/or A. [54] . Their cross electricmagnetic and magnetic polarizabilities are six and seven orders of magnitude smaller, respectively, than the electric polarizability. pD and mD are excited by circularly polarized light (CPL), either with e + = 6, e − = 0, (left circular, LCP), or e + = 0, e − = 6 (right circular, RCP), (see Eq. (26) of text). pA and mA are also CPL with the same polarization as pD and mD. The response of both the acceptor and its enantiomer, (i.e. the molecule with α A me of opposite sign), are shown. Quantities with just the symbols W, E or H correspond to LCP illumination, the acceptor having α A me . Quantities with symbols containing either W1, E1 or H1 correspond to LCP illumination, the acceptor being the enantiomer, (i.e. with −α A me ). Quantities with symbols containing either W2, E2 or H2 correspond to RCP illumination, the accep-
and RE (λ) for LCP and RCP illumination, as well as when A is the enantiomer under LCP illumination. N W DA (λ) and RE (λ) are not affected neither by the chirality of the illumination nor by that of A since their corresponding curves coincide with each other. All K-factors are averaged to 2/3. We consider D illuminated by a left-handed circularly polarized (LCP) plane wave, -see Eq. (26) below -. We use the D and A electric dipole lineshapes and parameters of Eq.(8.172) of [54] , Section 8.6.2. They are reproduced in Appendix C, Eqs. (112) and (113). However, in this Appendix C we also assume both D and A with a very small chirality and magnetic dipole moment, so that there are weak electric-magnetic, as well as weak magnetic, interactions.
The quantities W DA H (λ), W DA (λ), R H (λ) and R E (λ), as well as Re{α A e (λ)} and {α A e (λ)}, are obtained from Eqs. (16) , (17) , (21) and (22), using the lineshapes (112) and (113) and parameters of Appendix C. The only significant contribution to W DA and R E comes from the first term of (17) and (22), namely of the electric dipole moments of D and A, which are equal to those of [54] thus yielding a result akin to that of standard FRET. As seen in Figs. 2(a) and 2(b) N W DA (λ) and R E (λ) do not change with the choice of chirality of the illumination, (i.e. according to whether it is LCP or RCP), neither with that of the acceptor, (namely, the handedness of A), as shown by their corresponding coincident curves.
Like in [54] (where D is a fluorescein molecule whose estimated average diameter is 0.69 ± 0.02 nm), a Förster radius of 7.6nm is obtained from (22) using all orientational factors averaged to 2/3. Also, an effective {α A ef f e } = 0.32nm 3 , given by the overlapping integral (23), is obtained. This latter value 0.32nm 3 is compared with those of {α A e (λ)} derived from Eq. (96) of Appendix A, which as seen in Fig. 2 (a) , has a maximum of 0.6nm 3 at λ = 538nm, and acquires that value 0.32nm 3 at λ close to 550nm. As shown in It is surprising, notwithstanding, that such small (but not zero) cross electric-magnetic dipole and magnetic dipole parameters, and hence polarizabilities, as chosen in Appendix C, (which are respectively six and seven orders of magnitude smaller than the electric dipole one), yield non-negligible values of the helicity transfer distance R H (λ) and normalized helicity transfer N W DA H (λ), as shown in Figs. 2(a) and 2(b). The cause is the denominator
, which still is six orders of magnitude smaller than the numerator W DA H (λ), [to which only the first and fourth terms contribute in Eq. (16); the second and third terms being much smaller than this denominator], and it is of the same order of magnitude as the numerator in (21) , thus resulting in a large ratio R 6 H (λ) = N W DA H (λ), and hence in a R H (λ) comparable to R E , as shown in Fig. 2(b) . Of course were zero the cross electric-magnetic and magnetic polarizabilities, both N W DA H (λ) and R H (λ) would become zero. This non-negligible value of N W DA H (λ) and R H (λ) for very small values of the electric-magnetic and magnetic polarizabilities versus the electric ones, is a remarkable feature of the RHELT equations.
Linked to this latter fact is that both W DA H and R H are very sensitive to variations in either the incident polarization, (e.g. changes from LCP to RCP illumination of D), and in the sign of α A me , (namely, on the handedness of the acceptor particle), while W DA and R E were not altered by these changes. This is seen in Figs. 2(a) and 2(b). The large minimum in W DA H for LCP light incident on the enantiomer of D, and the non-zero values of R H for such small magnetoelectric response of D and/or A, are manifestations of the high sensitivity of the transfer of helicity to these factors on comparison with that of energy transfer.
The electric polarizability of a particle is in the same range of values as its volume. Accordingly, we have obtained that other doped acceptor molecules with an order of magnitude in their size similar to that of the example of Fig.2 , like a functionalized exahelicene, (average radius: [72] yield RET radii which vary with λ in the same range as in the previous example: 4 − 8nm at wavelengths akin to those above. R H (λ) is in the same range of values as R E .
FREE ORIENTATION OF DONOR DIPOLES WITH INCIDENT POLARIZATION. ACCEPTOR BEING A CHIRAL PARTICLE
Let a time-harmonic, elliptically polarized, plane wave with E i = e i e ik(si·r) , B i = b i e ik(si·r) be incident on the donor chiral generic particle D, (cf. Fig.1 )
We consider s i along OZ; expressing E i and B i in the helicity basis: ± = (1/ √ 2)(x ± iŷ), ± * · ∓ = 0, as the sum of a left-handed (LCP) and a right-handed (RCP) circularly polarized (CPL) plane wave, so that
The + and − superscripts standing for LCP (+) and RCP (-), respectively. In this representation, the incident helicity density [25] reads: 27) which is the well-known expression of H i as the difference between the LCP and RCP intensities of the field.
Stokes parameter [73] . Also |e i | 2 = |e ix | 2 + |e iy | 2 = 8π c µ < S >= 8π < w >. < S > and < w > representing the incident field time-averaged Poynting vector magnitude and electromagnetic energy density, respectively.
The incident field induces dipoles p D and m D in D which we assume being free to orient with the illumination polarization, so that Eqs.
. Then in the helicity basis { + , − } Eqs. (5) yield for these induced dipoles
Notice that if the incident field were circularly polarized, i.e. either e + i = 0 or e − i = 0, the near fields emitted by D: E D and B D would be circularly polarized along OZ [26] . Then if D is a molecule, this emission of D would resemble the situation of circularly polarized luminescence [50, 51] .
According to Eqs. (8)- (14) , in order to evaluate the orientational factors we need the unitary vectors s p D and s m D of p D and m D . Without loss of generality, the coordinate framework of Fig. 1 is chosen such the XY -plane contains s p D and s m D . We write
where ξ is the diagonal matrix: ξ jk = ξ j δ jk , (j, k = 1, 2), which is orthogonal since |s m D | = |s p D | = 1, and hence |ξ j | = 1, (j = x, y) . Therefore
If the field impinging D is CPL, then
φ ± e and φ ± m are the arguments of the complex p ± D and m ± D , respectively. Thus (32) conveys :
Also ξ jk = e i(ψ ± m −ψ ± e ) δ jk , (j, k = 1, 2). A special situation in CPL illumination is when the donor D is a dual nanoparticle, −1 α D = µα m [25, 30, 31] , a case in which the donor dipoles illuminated by a field of welldefined helicity (WDH), like an LCP or an RCP circularly polarized plane wave fulfill, [cf. Eqs. (28) and (29)]: p [26, 30, 35] , and hence p
Several configurations pertaining to the relative orientations of dipoles in D and A when a CPL plane wave illuminates D, are dicussed later.
Another interesting situation is that of right and left molecules [39, 40] , corresponding to parallel and antiparallel s p D and s m D : s m D = ±s p D . We recall that p D and m D are real. Then according to (28) and (29), we have
where the upper and lower sign in ± apply to s p D x and s p D y , respectively. Analogously, and with the same notation, we write
In the generic configuration shown in Fig. 3 with respect to the framework OXY Z, using polar and azimuthal angles α and β, we write the unit vector s R pointing from D to A as:
As for the acceptor dipole moments p A = p A s p A and m A = m A s m A , making the generic point P to coincide with the center of the acceptor, i.e. r = r A , we consider the origin of coordinates O, and therefore the orientation of the unit vector s = r A /r A , such that without loss of generality both s p A and s m A vary in the plane defined by the vectorsê ⊥ andê , normal to its position unit vector s = (sin θ cos φ, sin θ sin φ, cos θ), as shown in Fig. 3 . Notice that the orientations of s and s R are not linked to each other, which will later be important for calculating the orientational averages of the K -factors . Therefore we write, (cf. Fig. 3) : 
And the unitarity of both s p A and s m A imply |ζ ⊥ | = |ζ | = 1.
Sincê e ⊥ = cos θ cos φx + cos θ sin φŷ − sin θẑ, e = sin φx − cos φŷ.
s p A referred to thex,ŷ,ẑ basis is
And from (38) we have for the acceptor magnetic dipole moment m A = m A s m A :
The components s p A ⊥ and s p A of the unit vector s p A define the plane of reference of rotation of A which containê ⊥ andê , [cf. Eqs. (38) ], defining the helicity basis {η + ,η − }:η ± = 1 √ 2 (ê ⊥ ± iê ), (η ± * · η ∓ = 0), (see Fig.  3 ). So that
And then
The s p A ⊥ and s p A components are according to (43) - (45):
With analogous expressions for s m A ⊥ and s m A on substituting p by m.
On the other hand, from (44)- (46):
Where the upper and lower sign in ± apply to ⊥ and , respectively.
Finally, since according to (28) and (29) p D and m D are now real, and so are K (1) and K (2) , the helicity and energy, transferred from D to A, [cf. Eqs. (16) and (17)] become
H }]. (48)
Once again, while Eq. (48) accounts for a transfer of helicity between D and A, either positive or negative as a consequence of the handedness of A and D, Eq. (49), yields a transferred energy W DA that, in contrast with standard FRET, may be negative when the last term of (49) is larger than the sum of the first two terms.
And the interaction distances R H and R E now read
MEAN VALUES OF THE ORIENTATIONAL FACTORS
The orientation of the dipole moments of D and A often randomly vary, so that the relative orientation between D and A is unknown. In this case it is pertinent to work with the averages of the orientational K-factors.
Using the form of the different unit vectors s A and s D shown above, these averages are
< K
H >=
An illustration of the procedure to calculate these orientational averages is done in Appendix C. Notice that these orientational averages have been written in terms of the components of s p D and s p A , as well as of ξ and ζ. The latter characterizing the respective orientation of s m D and s m A relative to that of s p D and s p A , as shown above. We can further average the quantities |s p D x, y | 2 and |s p A ⊥, | 2 in the respective plane of rotation of s p D and s p A . According to Eqs. (31) and (38), on expressing the two components of these unit vectors in polar coordinates as a cosine and a sine of the rotation angle, these latter mean values are: < |s p D x, y | 2 >=< |s p A ⊥, | 2 >= 1/2. Hence, with this additional averaging, the mean orientational factors become 
, a condition that may be investigated for strong resonances of the chiral crosspolarizability of e.g. hybrids of nanostructures and large molecules [40, 67, 68, 74] .
RHELT AND RET WHEN DONOR AND ACCEPTOR HAVE WELL DEFINED HELICITY
We now address cases in which the dipole moments of D and A are deterministically oriented using Eqs. (48) and (49) .
Let us assume well defined helicity (WDH) [26, 30, 35] in the illumination of D, for example let a CPL plane wave be incident on the donor. Then in (28) and (29) either p + D = 0 or p − D = 0 depending on whether this wave is RCP or LCP, respectively. Therefore the induced electric and magnetic dipole moments of D rotate in the OXY -plane, (cf. Fig. 3 ). The near field along the OZ axis emitted by D is circularly polarized [26] : E nf (ẑ) = −(k 2 / r 3 )p ±ˆ ± , B nf (ẑ) = ∓inE nf (ẑ).
Case (1):
We consider in the OXY Z framework: s R = (0, 0, 1), (cf. Fig. 3 ), the field incident on D being CPL. The dipoles p D and m D rotate in the plane OXY, while p A and m A do it in a plane parallel to OXY at distance |r R | = z = r, (|s R | = 1). I.e. From (33) we have:
On the other hand, from (38) , (43) , (44) and (45) we have for the acceptor
ψ ± e and ψ ± m representing the arguments of the complex scalars p ± A and m ± A , respectively. Hence
Therefore the following values hold:
Let s p A be rotated with respect to s p D in the XY -plane by an angle Θ; namely, s p A = exp(iα)Rs p D . α being a phase shift and R denoting the rotation matrix:
According to (32) and (63), both s p D and s p A are helicity vectors aside from a phase factor, hence Rs p D = exp(∓iΘ)s p D , and |s p A · s p D | 2 = 0. Then for these magnetoelectric dipoles one has from (8) - (14): (48) and (49) become
And therefore W DA may become negative and oscillates with the difference of phase-shifts of s m D and s p D , and of s m A and s p A . The radii R H and R E are now given by:
Notice that while in standard FRET , if D and A have dipoles linearly polarized in planes normal to s R , there is no energy transfer if s p D and s p A are perpendicular to each other, i.e. K (1) = 0, this is not the case in the configuration of circularly rotating dipoles in D and A providing that {α A me } = 0, since, as seen above, |s p A · s p * D | 2 = 1.
This non-zero {α A me } is required for the existence of RET in this case, although not for RHELT which would still exist due to the chirality of the illumination. This discriminates the latter from the former transfer phenomenon. Nonetheless, this constitutes an intriguing consequence of this general formulation of RHELT and RET: it is necessary, although not sufficient, for the existence of RET (which may be negative) in this configuration of rotating dipoles, that the acceptor be bi-isotropic or chiral. As for the existence of RHELT, either both p D and m D must be induced if A is not chiral; or A must be chiral if only p D , or m D , is excited.
Next, we study the consequences of duality in D and/or A:
(1.a) If the dipoles in A and D are dual then −1 α A e = µα A m ; −1 α D e = µα D m . From (28) and (29) one has p ± D = ±inm ± D , and p ± A = ±inm ± A , and both D and A emit fields of well defined helicity [26, 30, 35] , (e.g. CPL fields for incident CPL illumination). Then s m D = ∓is p D , and s m A = ∓is p A . I.e. φ ± m − φ ± e and ψ ± m − ψ ± e are either 3π/2 for the upper (+) sign and π/2 for the lower (-) sign. Hence one has that (φ ± m − φ ± e ) − (ψ ± m − ψ ± e ) is either 0 or π. Also p D = nm D .
In this case W DA , given by (69), vanishes. Also, the sum of the third and fourth terms of (48) also vanishes since cos(ψ ± m − ψ ± e ) = 0, and therefore
And the RHELT governed by |W DA H | is, apart from some constant, similar to the transfer of energy of standard FRET when one considers in (72) the effective polarizability of Eq. (23). This is manifested by the radii:
Which makes R H proportional to the radius of the acceptor. Thus, according to (69) in order to have a non-zero
should not be a multiple of 0 or π. Two instances of this latter condition for dipoles in D and A rotating in XY -planes, are when either only D or only A is dual. Then again |s p A · s p * D | 2 = 1 and either φ ± m − φ ± e is 3π/2 and π/2 for the upper (+) and lower sign (-), respectively; or ψ ± m −ψ ± e is 3π/2 and π/2 respectively for the upper (+) and lower (-) sign.
(1.b) If only A is dual, (68) and (69) lead to
We recall that the upper and lower signs of (74) and (75) (74) and (75) reduce to (72) , as they should, when D is also dual.
Since now W 0 H = 8πck 3 p 2 D sin(φ ± m − φ ± e )/3 n and W 0 = 2ck 4 p 2 D , Eqs. (74) and (75) yield for the radii:
Thus when A is dual, R H is not affected by whether D is dual or not, [compare with Eq. (73)], and it is like that of standard FRET. On the other hand, (77) is also consistent with (73) since if D is also dual, cos(φ ± m − φ ± e ) = 0 and both W DA and R E are zero.
(1.c) If only D is dual, and = µ = n = 1, we have from (48) and (69):
Case (2):
We now consider the case in which being s R = (0, 0, 1) as before, D rotates in the plane OXY while A rotates in OXZ. Then again s p D = exp(iφ ± e ) √ 2
(1, ±i, 0),
(±i, 0, 1), s m A = exp[i(ψ ± m − ψ ± e )]s p A . Therefore (8) -(14) lead to:
Hence W DA H is equal to that of case (1) above multiplied by the factor 1/4, [cf. Eq. (68)] and, thus, the same applies to R 6 H , [ see Eq. (70)]. As for W DA , the contributions of the terms with K (1) and K (2) now compete with the third term of (49) containing K (3) . I.e.
And We use Eqs. (48)-(51) by considering D and A being chiral. The electric polarizability dominates in A, while D is magnetoelectric. We assume the radius of both particles to be: a 15nm
Eqs. (112) and (113) with the parameters of Appendix D fit a model of donor emission spectra and acceptor extinction cross sections. They are plotted in Fig. 10 (a). With these emission spectra, from Eqs.(98), (99) and (102) one obtains donor magnetic polarizabilities and cross electric-magnetic ones comparable, or even larger than, the electric one. Their variation with wavelength, obtained from Eqs.(94) -(103), is shown in Fig. 10 (b) , while Fig. 10 (c) shows the polarizabilities of A.
We choose an elliptically polarized plane wave propagating along OZ, incident on D, with e + i = 7 and e − i = 3 [in arbitrary units (a.u.)] according to Eq. (26). Fig. 10 (d) shows p 2 D (λ), m 2 D (λ) and p D (λ)m D (λ), which with reference to Fig. 2 are obtained from Eqs. (28) and (29) for this polarization. We see a larger emitting magnetic dipole. In addition, we also obtain from these latter equations p D and m D and their respective unit vectors s p D and s m D . The acceptor dipole moments p A and m A , and their respective unit vectors s p A and s m A , according to Eqs. (38) -(47) are set as p ± A = (α A e ± niα A me )e ± and m ± A = (α A me ∓ niα A m )e ± , with the polarizabilities of A being plotted in Fig. 10 (c) , and choosing e + = 5a.u. and e − = −2a.u..
Again, the overlapping integrals (23)-(25) (see also Eqs. Choosing s R = (0, 0, 1), so that the basis {ê ⊥ ,ê , s} becomes {x,ŷ,ẑ}, (cf. Fig. 3 ), we show in Fig. 4 (a Fig. 4(a) , have their maxima near the acceptor polarizability peaks, which indicates that these latter quotients wash out the donor resonance, while they are affected by those of the acceptor dipoles.
N W DA H has sharp spikes at λ's where DW 0 (λ) = 0 by changing sign, a feature not shared by N W DA since DW 0 (λ) cannot be negative nor has zeros in the wavelength interval under study. On the other hand, notice in Figs. 10 (a) the negative values of N N W DA (λ) and N W DA (λ), as expected from negative α me -terms in these quantities, as discussed in the previous sections. On the other hand, Fig. 4 (b) shows the radii R H (λ) and R E (λ) which are maxima near the acceptor dipole resonance wavelengths.
Finally, Figs. 4 (c) and 4 (d) show the same as Figs. 3 (a) and 3(b), respectively, when p A and m A are randomly oriented with respect to p D and m D , and so is s R . In this case we have taken the orientational averages of all K-factors according to Eqs. (59) - (62) . The averaging increases the values of R E (λ), but it has little effect on R H (λ).
If we adopted the criterion employed in connection to the case dealt with in Fig. 2 (b) , namely choosig the wavelength at which the D and A lineshapes cross each other in Fig. 10 (a) , we would get 550nm for this wavelength and an estimation: R H 44nm and R E 22nm for the case studied in Fig. 4 (b) , while R H 44nm and R E 35nm for the system addressed in Fig. 4  (d) . As seen in Figs. 4(b) and 4(d), one can choose configurations in which at certain λ's: R H >> R E ; however, (and although not shown here for brevity), we have observed R H < R E when either s R = (1, 0, 0) or 1, 0) . Also, on comparing with the FRET radius: 7.6nm of of the interacting molecules dealt with in Figs. 2, we see in Figs. 4 (b) and 4 (d) that larger particles convey greater RHELT and RET radii, as we have observed in all our studied cases.
Next we address the influence of the chirality of A. We do it by choosing the following variation of the real part of α A me (ω), [cf. Eqs. (97)]:
The factor κ varies between −1 and 1. Notice that writing in this way α A R me (ω), the expression (97) of this quantity corresponds to κ = 3/2(4π) 2 = 0.01.
The surfaces of Fig. 5 show the variation with λ and κ of N N W DA H (λ, κ) = (λ, κ) . The configuration is the same as for Figs. 4(a) and 4 (b), namely, both illumination of D and acceptor dipoles being elliptically polarized, no randomly oriented dipole moments and no orientational averages. We observe how the RHELT and RET transfer rates and their respective radii increase with κ.
1.b. Donor is illuminated by light of well-defined helicity, (CPL-polarization). Acceptor has CPL dipole moments
Now we address the same interacting particles as in Example 1.a when a wavefield of well-defined helicity is incident on D; specifically we assume it being a CPL plane wave, setting for both D and A: e + i = 6a.u. and e − i = 0a.u. for LCP and e + i = 0a.u. and e − i = 6a.u. for RCP .
Assuming again s R = (0, 0, 1), Figs. 6 (a) and 6 (b) show the same quantities as Figs. 4 (a) -4 (b). We observe features like those of Figs. 4, including negative RET at wavelengths between 520nm and 550nm and sharp peaks with change of sign of N W DA H = N N W DA H /DW 0 H due to zeros of DW 0 H (λ) where it changes sign. In addition, we observe that only the RHELT quantities are apprecibly sensitive to this change of polarization in D and A, whereas the quantities associated with RET remain practically the same as with elliptic polarization in donor and acceptor.
Inverting the helicity to RCP of both the field illuminating D and of the acceptor dipoles, as Figs. 6 (c) and 6 (d) show, once again only produces a change of sign in the transferred energy, while R E remains unaltered. Only the RHELT quantities, including N W DA H and R H , are different with this change of helicity, as Figs. 7 (a) -7 (c) show, an effect that may be interpreted as kind of RHELT circular dichroism between the two interacting particles.
If both D and A have randomly oriented dipoles, working with the averages of the K-factors lead to unaltered R H while R E becomes like that of Fig. 4 (d) , independently of whether one chooses LCP or RCP polarization, (not shown here for brevity). N W DA (λ) becomes positive for all λ in this case. Once again, based on Eqs. (112) and (113) with parameters of Appendix E, we consider Eqs. (48)-(51) describing the RHELT and RET rates between two chiral particles of radius a = 15nm. The acceptor now has a high response to the magnetic vector of the field emitted by D, which is reflected in its large magnetic polarizability. As in Example 1.a, elliptically polarized illumination incides on D, propagating along OZ with e + i = 7a.u. and e − i = 3a.u according to Eq. (26). The emission and extinction spectra are plotted in Fig.  11 (a) of Appendix E. Equations (94) -(103) of Appendix B yield the polarizabilities shown in Fig. 11 (b) and 11 (c), while Fig. 11 (d) displays p 2 D (λ), m 2 D (λ) and p D (λ)m D (λ), which with reference to Fig. 2 are obtained from Eqs. (28) and (29) for this incident polarization. We now see a larger emitting electric dipole. Also, these latter equations yield p D and m D , as well as their respective unit vectors s p D and s m D . The dipole moments p A and m A , and their respective unit vectors s p A and s m A , given by (38) -(47) are again set as p ± A = (α A e ± niα A me )e ± and m ± A = (α A me ∓ niα A m )e ± , with the polarizabilities of A as plotted in Fig. 11 (c) , and choosing e + = 5a.u. and e − = −2a.u..
As before, we could say that the overlapping integrals (23)-(25) of the effective polarizabilities {α A ef f e }, {α A ef f m } and {α A ef f me } would yield RHELT and RET radii. But we address the variation with λ of these quantities because, again, the range of values of the polarizabilities of A is comparable to these above mentioned effective values, a fact seen on comparing Fig. 11 (c) with these overlapping integrals (23) Like in Example 1.a, we choose s R = (0, 0, 1). Figure  8 Fig. 8 (a) , have their maxima near the acceptor polarizability peaks, which indicates once again that these latter quotients wash out the donor resonance, being affected by those of the acceptor. On the other hand, Fig.  8 (b) shows the interaction radii R H (λ) and R E (λ). The former has maxima near the acceptor dipole resonance wavelengths which now include the acceptor magnetic dipole peak, [compare maxima of R H (λ) with those of {α A m } and {α A me } in Fig. 11 (c) ]. The effect of varying the chirality of A is seen in Fig.  9 showing the variation with λ and κ of N W DA H (λ, κ) = Now we address the same interacting particles as in Example 2.a when a wavefield of well-defined helicity is incident on D; specifically we assume it being a CPL plane wave setting e + i = 6a.u. and e − i = 0a.u. for incident LCP polarization and dipole moments of A, and e + i = 0a.u. and e − i = 6a.u. for RCP both in D and A. If both D and A have randomly oriented dipoles, working with the averages of the K-factors lead R H that remains unaltered with respect to that of the latter configuration with s R = (0, 0, 1), while R E becomes like that of Fig. 7 (d) , independently of whether one chooses LCP or RCP polarization.
CONCLUSIONS
Our optical theorem for electromagnetic helicity extinction of a wavefield on absorption and scattering by a wide sense (i.e. non-Rayleigh) dipolar bi-isotropic particle, previously established , we have put forward in this paper a classical electrodynamic theory of the resonant -i.e. non-radiative-transfer of field helicity (RHELT) between two bi-isotropic generic particles, chiral in particular, that act as donor and acceptor, respectively. Such "particles" may be e.g. molecules, actual material nanoparticles, conjugates of them both, or quantum dots. Then we have introduced the concept of RHELT radius, as the distance at which the transfer rate from donor to acceptor placed in the near field, equals that in absence of acceptor. The detection of RHELT adds a wealth of information contained in the helicity of the transferred fields, which has not been used until now; and this conveys insight into the helicity of the generally elliptically polarized dipoles induced in the particles. In parallel, we have formulated the energy transfer rate (RET) between both dipoles. Both processes involve more orientational factors than the κ 2 factor of standard FRET After testing our equations with a known configuration, we have studied both RHELT and RET when magnetoelectric effects take place in the donor and acceptor dipoles. To this end we have addressed particles larger than those usually employed in standard FRET; namely, we assummed them to have a diameter of a few tens of nanometers, which yields greater polarizabilities and, hence, involve interaction distances larger than the Förster radius of standard FRET. We expect that progress in synthesizing conjugates of fluorophore molecules with magnetoodielectric nanoparticles will allow experiments with such larger objects for which helicity transfer, by its extinction in the acceptor, is measurable.
We have shown that chiral interacting particles convey additional terms in the helicity and energy transfer rates that are discriminatory, so that these rates are different when one changes their chiral symmetry, namely on passing to the arrangement with the particle enantiomer. While the helicity transfer rate may be negative as a consequence of the extinguished field helicity in the acceptor, those additional terms may lead to negative RET rates, which would imply that the donor emits more energy in presence of acceptor, a phenomenon ruled out in standard FRET.
On the other hand, the RHELT rate and radius is very sensitive to changes in the helicity of both the light incident on the donor and of the acceptor induced electric and magnetic dipole moments; a property not shared by the RET radius, which does not appreciably change with the handedness of circular, or of elliptic, polarization. That property of RHELT leads us to introduce a sort of REHLT dichroism, which pertains to the transfer of helicity from the donor to the acceptor in which it is extinguished.
We expect that forthcoming developments of this theory, as well as experiments, may lead to applications that enlarge the scope of FRET techniques by considering the helicity of the fields, and of the induced electric and magnetic dipoles, and the chirality of the interacting particles.
APPENDIX A: ILLUSTRATION OF CALCULATION OF ORIENTATIONAL AVERAGES
We show here the calculation of the term of < K (3) >:
From Eqs. (31) , (37) , (38) , (41) and (42) 
The terms that will not vanish on integration in α and β yield < K
After integration it is straightforward to obtain: [53, 54] . However, when D and/or A is chiral, one will also need to link the magnetic and cross electricmagnetic polarizabilities with the respective emission or absorption spectra accounting for the excitation of the magnetic dipole and the electric-magnetic interaction between both dipoles, respectively.
In addition, if there is also scattering by D and/or A, one needs to introduce the extinction (rather than the absorption) cross-section linked to the polarizabilities. This is done by using the optical theorem of energy, expressed in terms of the donor or the acceptor polarizabilities, which according to Eq. (30) of [25] for a chiral particle on illumination with an elliptically polarized plane wave, [see also Eq. (1)], reads (we shall drop the scripts D and A, understanding that the polarizabilities dealt with now apply to either donor and/or acceptor):
We use the superscripts I and R to denote imaginary and real part, respectively. H i is the helicity density, given by Eq. (27), of the field incident on the particle, which we shall now consider to be circularly polarized (CPL), so that H i = ± 2k |e i | 2 [25] Dividing (91) by the magnitude of the time-averaged incident Poynting vector < S i >= (c /4πn)|E i | 2 , and using the above expression of H i , we obtain
The left side of (92) is the sum of the absorption crosssection σ a plus a term which represents the scattering cross-section σ s of the particle, (either D or A). This sum is the extinction cross-section: σ ext = σ a + σ s . Notice that σ s contains terms with the cross-polarizability α me added to the well-known quadratic terms in |α e | and |α m | of non bi-isotropic particles [75] . On the other hand, the right side of (92) expressing σ ext has a term with α R me added to the well known extinction terms: −1 α I e + µα I m corresponding to an achiral particle [75] . Addressing the operation: ± in the left side of (92), if we substract this equation taking the sign -from that taking the sign +, we obtain
The quantity (σ a LCP − σ a RCP ) and the second term of the left side of (93) are the difference between the particle absorption cross-sections and between its scattering cross-sections (σ s LCP − σ s RCP ) with LCP and RCP plane wave incidence, respectively. Thus the whole left side of (93) is the difference of the particle extinction cross sections (σ ext LCP − σ ext RCP ). Hence this latter difference is also the meaning of the right side of (93) which thereby represents the circular dichroism (CD) crosssection: σ CD me = σ ext LCP − σ ext RCP of the chiral particle [20, 26] , characterized by α R me as (93) shows. Namely, we write Eq. (93) as
Notice that on the other hand, σ ext LCP +σ ext RCP yields the usual relationship between the modulus and the imaginary parts of α e and α m in which there is the additional term 2 µ |α me | 2 . In this connection, the ratio (σ ext LCP − σ ext RCP )/(σ ext LCP + σ ext RCP ) is the well-known dissymmetry factor of CD. However, as shown in (93), the dichroism signal is generally not only described by the difference of absorption cross-sections, as usually formulated [8, 20] ; but it contains an additional second term σ s LCP −σ s RCP which accounts for scattering. On the other hand, α I me is proportional to the optical rotation (OR) cross-section σ OR me :
In many instances σ ext ≈ σ a , hence there being no strong coupling, or multiple feedback, between D and A, However, for a magnetodielectric nanoparticle with little absorption [61] [62] [63] [64] , σ s will dominate and, after normalizing it to 1, it constitutes by itself the emission spectrum f (ω). Summarizing, for a donor lossless nanoparticle: σ CD me ≈ σ s LCP − σ s RCP , whereas for a donor, or acceptor, absorbing molecule: σ CD me ≈ σ a LCP − σ a RCP . In those cases in which one can separately associate the imaginary part of the electric and magnetic polarizabilities to the particle electric and magnetic extinction cross sections: σ ext e (ω), σ ext m (ω), respectively, [cf. Eq.(92)], averaging over the three orientations of the particle, which yields 1/3 times the polarizabilities, one has from (92) and (93) for an acceptor molecule, (if scattering is neglected):
σ a e A (ω),
And for a donor nanoparticle, (sometimes either absorption or scattering is neglected):
These expressions are complemented with the dispersion relations [72] (again dropping the superscripts A and D): In passing, we note that Eqs. (97), (98) and (103) lead to the dispersion relation between the CD and OR crosssections [8] : We use electric dipole parameters for both D and A close to those of [54] , Eq.(8.172) of Section 8.6.2, and data therein. However, we also use lineshapes for the electric-magnetic and magnetic dipole interactions, even though the polarizabilities of D and A associated to these e − m and m interactions, are six and seven orders of magnitude smaller, respectively, than those of the electric dipole interaction.
For the donor: And for the acceptor in (113): A (1) e = 310nm 2 , A ka. (k = 2πn/λ, n = 1). a 15nm being the radius of the acceptor particle. 
APPENDIX E: CASE OF EXAMPLE 2. ACCEPTOR IS A PARTICLE WITH LARGE MAGNETIC POLARIZABILITY
We plot in Fig. 11 (a) 
